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PASSIVATED THIN-FILM HYBRID CIRCUITS 

This is a continuation-in-part of application Ser. No. 
910,178, ?led May 30, 1978 and issued Aug. 12, 1980 as 
U.S. Pat. No. 4,217,570. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to electrical 
microcircuit structures and to methods for making such 
structures. More particularly, the invention is con 
cerned with the provision of silicon nitride-passivated 
hybrid circuits that permit post-passivation trimming of 
included thin-?lm circuit elements. 

In the manufacture of thin-?lm and monolithic hybrid 
microcircuits, passive circuit elements—such as resis 
tors and capacitors—are formed from ?lms of materials 
only a few thousand angstroms thick. These ?lms typi 
cally are deposited on a supporting substrate by vacuum 
evaporation or cathodic sputtering, with the required 
patterning being effected simultaneously or in a subse 
quent procedure. A protective overcoating or passiv 
ation ?lm usually is applied to such circuits for environ 
mental protection prior to ?nal packaging, particularly 
if they will not be sealed within a hermetic enclosure. 
Silicon nitride (Si3N4) has found increasing use as a 
passivation coating material because of its high resistiv 
ity and dielectric strength, excellent chemical resis 
tance, and superior electrical and thermal stability. 
The values of thin-?lm electrical components typi 

cally fall within a 5—25% tolerance range as fabricated, 
even with well-controlled processes. More precise val 
ues are required in many circuit applications, and in 
others it may be necessary to adjust component values 
on an individual basis to “custom-tune” a circuit. This is 
accomplished by va trimming operation in which por 
tions of a component are physically removed. Airborne 
abrasive, electric arc and laser beam trimming systems 
have been developed for this purpose and are commer 
cially available. Laser trimming systems have a number 
of signi?cant advantages compared to the others, in 
cluding better accuracy, much greater speed, and 
cleaner operation. A further important factor is the 
ability of laser systems to trim circuit components 
through an overlying passivation ?lm if a laser operat 
ing in the visible or near~infrared region is used. This 
allows a circuit to be adjusted for optimum operation 
after its fabrication is essentially complete. 

In the past it has not been possible to laser trim certain 
thin-?lm components in silicon nitride-passivated cir 
cuits without damaging the passivation layer. During 
the trimming of Nichrome and other nickel- or chromi 
um-containing ?lms, for example, voids and cracks in 
the silicon nitride layer are produced and form an entry 
point for moisture and contaminants. Because of the 
superior protection afforded by silicon nitride, there is a 
need to provide a Si3N4-protected microcircuit struc 
ture that permits post-passivation trimming of included 
thin-?lm components containing nickel or chromium. A 
‘related need is to provide a method for forming such 
structures on a variety of substrates. 

SUMMARY OF THE INVENTION 

The above and other needs have been met, according 
to the present invention, by the provision of thin-?lm 
hybrid microcircuits in which components containing 
nickel, chromium, or other metals are formed on and 
covered by contiguous layers of stable oxygen-contain 
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ing materials. Suitable such materials include the stable 
oxides of silicon, aluminum, tantalum, titanium and 
zirconium. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a fragmentary plan view of a silicon nitride 
passivated thin-?lm microcircuit structure in accor 
dance with the present invention; 
FIG. 2 is a sectional view of the FIG. 1 structure 

taken along view line II——II; and 
FIG. 3 is a flow chart of a method for providing a 

trimmed thin-?lm microcircuit in accordance with the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As mentioned in the background summary above, 
post-passivation laser trimming of certain silicon nitride 
protected thin-?lm components, most notably those 
formed of nickel- or chromium-containing materials, 
has not been feasible because of damage to the passiv 
ation layer. Typically, such damage includes the forma 
tion of voids in the Si3N4 layer at the interface between 
the layer and the edge of the trimmed component. In 
addition, cracks produced by fracturing of the passiv 
ation layer extend from the voids to the outer surface of 
the protective layer. Such fractures are particularly 
detrimental if the passivation layer is the sole form of 
environmental protection for the microcircuit-Le, if 
the circuit is not packaged in a separate hermetic enclo 
sure. It is believed that the damage results from the 
formation of unstable metal nitrides-chromium and 
nickel nitrides, for example-during the laser trimming 
operation. Such nitrides are created by chemical reac 
tions between the component’s metallic constituents 
and the Si3N4 passivation coating as the laser beam 
vaporizes portions of the thin-?lm component. The 
thus-formed nitrides dissociate at the high localized 
temperatures‘ produced by the trimming operation, and 
form nitrogen gas that expands and fractures the passiv 
ation layer. . 

Referring now to FIGS. 1 and 2 of the drawing, a 
passivated thin-?lm hybrid circuit structure not subject 
to the above-described problem is indicated generally at 
10. Circuit structure 10 includes a supporting substrate 
12 of conventional composition. The substrate may, for 
example, be a flat plate of a ceramic material such as 
high density alumina (A1203) or beryllia (BeO), a glassy 
material such as fused silica, or a crystalline material 
such as silicon or quartz. A base layer 14 of an insulating 
oxide, preferably silicon oxide, formed on a major sur 
face 13 of substrate 12 underlies a thin-?lm resistor 16. 
The resistor, which forms a part of a hybrid electrical 
circuit, includes a pair of electrical terminals 18, 20 
overlapping the opposite ends of an elongate resistive 
?lm element 22. Element 22 is formed by deposition of 
a suitable resistance material, such as chromium, a nick 

- el-chromium alloy (e.g., Nichrome), an alloy of chro 

65 

mium and silicon such as CrSi2, or a cermet composed 
of chromium and silicon oxide. Terminals 18, 20 are 
de?ned by conductive metal deposits, typically of gold 
or aluminum. Overlying resistor 16 is a duplex passiv 
ation coating formed by an oxide underlayer 24 and an 
outer layer 26 of silicon nitride. 

Base layer 14 and passivation underlayer 24 function 
to prevent the formation of metal nitrides during laser 
trimming. These layers may be formed of any oxide 
material with the required electrical properties that can 
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be made to adhere satisfactorily to substrate 12 and the 
hybrid circuit components. Although silicon oxides are 
preferred for layers 14 and 24, silicon monoxide (SiO) 
being particularly preferred, other suitable materials 
include aluminum oxide (A1203), tantalum oxide 
(Ta2O5), titanium dioxide (TiOZ) and zirconium oxide 
(ZrO). As shown in FIG. 2, metal constituents of resis 
tive element 22 react with layers 14 and 24 during laser 
trimming to form stable metal oxides rather that unsta 
ble chromium and/or nickel nitrides. These oxides dif 
fuse out into portions of the oxide layers adjacent the 
trimmed edge 23 of resistance element 22 to form a Zone 
28 of comparatively high resistivity. As will be under 
stood, layers 14 and 24 must be suf?ciently porous to 
permit such diffusion. Oxide layers formed by thermal 
oxidation of the substrate, chemical vapor deposition 
(CVD) or vacuum evaporation have suitable porosity 
characteristics. 

Referring to FIG. 3, a trimmed thin-?lm microcircuit 
of the type shown in FIGS. 1 and 2 is prepared by ?rst 
forming a stable oxide base layer on a suitable substrate; 
The base layer may be provided by thermal oxidation if 
the substrate is a silicon wafer, for example. With other 
substrate materials, such as alumina, beryllia or fused 
silica, the oxide base layer may be applied using conven 
tional vacuum evaporation, sputtering or chemical 
vapor deposition procedures. 
Thin-?lm circuit elements, interconnecting leads and 

contact pads are next formed on the oxide base layer in 
a known manner, suchaas by vacuum evaporation or 
cathodic sputtering. Procedures for forming thin-?lm 
components are well documented in the literature and 
need not be repeated here. After the circuit elements 
have been provided on the oxide base layer, a second 
oxide layer is deposited to cover at least the portions of 
the elements that will or may be laser trimmed subse 
quently. This second oxide layer, which preferably is of 
the same material as the earlier-deposited base layer, 
coacts with the base layer to encapsulate the circuit 
elements and prevent undesired reactions between their 
metal constitutents and the next-deposited layer of sili 
con nitride when the elements are laser trimmed. 
The outer, silicon nitride layer of the circuit struc 

ture’s passivation coating suitably is applied by chemi 
cal vapor deposition to a thickness suf?cient for the 
degree of environmental protection desired, typically 
about 7,000 to 12,000 angstroms. The oxide base layer 
and underlayer must be thick enough to prevent fractur 
ing of the passivation coating during laser trimming, 
and their thicknesses will depend on the thickness of the 
circuit element being trimmed. By way of example, 
however, resistance elements formed by the deposition 
of a 50 ohms per square, 400 angstrom-thick Nichrome 
thin-?lm have been trimmed satisfactorily through a 
duplex passivation coating consisting of a 2,000 ang 
strom glassy silicon oxide underlayer and an outer layer 
of Si3N4 8,000 angstroms thick. The oxide base layer 
preferably is of the same thickness as the passivation 
underlayer, and both should have a minimum average 
thickness of about 1,000 angstroms. 

. The ?nal step in the process is to trim the thin-?lm 
circuit element to the desired value using a directed 
laser beam of appropriate wavelength. As described 
earlier, the metal constitutents—nickel or chromium, 
for example—of the trimmed circuit elements react 
with the contiguous oxide layers to form stable oxides 
that diffuse out into the portions of the layers adjoining 
the trimmed regions. These metal oxides are of rela 
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4 
tively high resistivity and do not signi?cantly affect the 
value of the thin-?lm components. 
While the best mode presently contemplated for 

practicing the invention has been set forth, it will be 
appreciated that various changes and modi?cations are 
possible in addition to those speci?cally mentioned. The 
appended claims are thus intended to cover all such 
variations and modi?cations as come within the scope 
of the invention. 

I claim as my invention: 
1. A method for manufacturing a thin-?lm electrical 

microcircuit structure containing a laser-trimmed cir 
cuit element, which structure includes an unfractured 
silicon nitride passivation layer, comprising the subse 
quential steps of: 

(a) forming a ?rst layer of an insulating oxide on a 
substrate, 

(b) forming a thin-?lm electrical circuit element on 
the ?rst oxide layer, said element being formed 
from a material containing a metal capable of react 
ing with silicon nitride at the temperature pro 
duced by laser trimming of the element to form a 
metal nitride having a dissociation temperature no 
higher than the ?rst-mentioned temperature, 

(0) forming a second layer of an insulating oxide over 
the circuit element and adjacent portions of the 
?rst oxide layer, ' 

(d) depositing a layer of silicon nitride over the ex 
posed surface of said second layer, and 

(e) trimming the thin-?lm circuit element to a desired 
value by removing portions of the element with a 
laser beam directed through said silicon nitride 
layer and second oxide layer. 

2. The method of claim 1, wherein said oxide layers 
are of an oxide ‘selected from the group consisting of 
aluminum oxides, silicon oxides, tantalum oxides, tita 
nium oxides and zirconium oxides. 

3. The method of claim 2, wherein said oxide layers 
are formed of a silicon oxide. 

4. The method of claim 1, wherein said oxide layers 
have a minimum average thickness of about 1,000 ang 
stroms. ' 

5. The method of claim 1, wherein said circuit ele 
ment is formed of a material selected from the group 
consisting of nickel, chromium, nickel-chromium al— 
lolys, chromium-silicon alloys and cermets composed of 
chromium and silicon oxide. 

6. A microcircuit structure comprising 
a substrate having a ?rst layer of an insulating oxide 
on a surface thereof, said layer having a minimum 
average thickness of about 1,000 angstroms, 

a thin-?lm electrical component disposed on said ?rst 
oxide layer, said component being formed from a 
material containing a metal capable of reacting 
with silicon nitride at the temperature produced by 
laser trimming of the component to form a metal 
nitride having a dissociation temperature no higher 
than the ?rst-mentioned temperature, and 

an unfractured protective coating covering said com 
ponent and adjoining surface areas of the ?rst oxide 
layer, said coating including a second layer of an 
oxide deposited to a minimum average thickness of 
about 1,000 angstroms on said component’s and the 
?rst oxide layer’s surface areas, and an overlying 
layer of silicon nitride, 

said structure including a relatively high resistance 
region within the portions of said oxide layers that 
adjoin said component, said region being formed 
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by laser trimming of the component through said 
protective coating and containing a stable vreaction 
product of said metal with the material forming 
said oxide layers. 7 

7. The microcircuit structure of claim 6, wherein said 
metal-containing material is selected from the group 
consisting of chromium, nickel-chromium alloys, 
chromium-silicon alloys and cermets composed of chro 
mium and silicon oxide. 
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6 
8. The microcircuit structure of claim 6, wherein said 

oxide layers are of an oxide selected from the group 
consisting of aluminum oxides, silicon oxides, tantalum ' 
oxides, titanium oxides and zirconium oxides. 

9. The structure of claim 8, wherein said layers both 
are formed of silicon oxide. I I 

10. The microcircuit structure of claim 6, wherein 
said reaction product comprises a metal oxide selected 
from the group consisting of chromium oxides, nickel 
oxides and mixtures thereof. 
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